One-pot synthesis and catalytic properties of encapsulated silver nanoparticles in silica nanocontainers by Priebe, Magdalena & Fromm, Katharina M.

6XSSRUWLQJ,QIRUPDWLRQ
One-pot synthesis and catalytic properties of encapsulated silver nanoparticles in silica 
nanocontainers

Magdalena Priebe, and Katharina M. Fromm*  

SI 1.,QIOXHQFHRIVXUIDFWDQWRQIRUPDWLRQDQGFRDWLQJRI$J13VZLWKVLOLFDVKHOO

P/ RI VXUIDFWDQWZDV DGGHG XQGHU YLJRURXV VWLUULQJ LQWR P/ RI F\FORKH[DQH DW URRP
WHPSHUDWXUH :KHQ WKH VROXWLRQ ZDV WUDQVSDUHQW  / RI  0 $J12 ZHUH DGGHG
GURSZLVH :KHQ 7ULWRQ ; ZDV XVHG DV VXUIDFWDQW QR FKDQJH LQ FRORU ZDV REVHUYHG
KRZHYHU LQ FDVH RI ,JHSDO &2 WKH FRORU FKDQJHG LQWR \HOORZ LQGLFDWLQJ IRUPDWLRQ RI
VLOYHUQDQRSDUWLFOHV7KHV\VWHPZDVOHIWIRUHTXLOLEUDWLRQPLQXWHVDQGWKHQ/RI0
K\GUD]LQH ZHUH DGGHG GURSZLVH 7KH IODVN FRQWDLQLQJ ,JHSDO &2 UHPDLQHG \HOORZ
ZKHUHDV WKHRQHFRQWDLQLQJ7ULWRQ; WXUQHGEODFN$IWHUPLQXWHV/RIDTXHRXV
DPPRQLD ZHUH DGGHG DQG WKHQ  / RI 7(26F\FORKH[DQH YROXPH UDWLR 
$IWHU  K UHDFWLRQ WKHPLFURHPXOVLRQZDV GHVWDELOL]HGZLWK P/ RI(W2+ FHQWULIXJHG
¶USPPLQUWZDVKHGWZLFHZLWK(W2+P/DQGWZLFHZLWKXOWUDSXUHZDWHU
P/

1
Published in 3DUWLFOH	3DUWLFOH6\VWHPV&KDUDFWHUL]DWLRQ±
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SI 2. 89YLVVSHFWUDRIWKHVDPSOHVSUHSDUHGE\XVHRI,JHSDO&2DQG7ULWRQ;7KH
VSHFWUDZHUHQRUPDOL]HGXSWRDQDEVRUEDQFH 





SI 3.5HGR[SRWHQWLDOVRIUHGXFLQJDJHQWV

Reducing agent Redox reaction E0 [V] Reference
Sodium borohydride BH4- + 8 OH-ĺ B(OH)4- + 4 H2O + 8 e- 1.24 44
Hydrazine N2H2 + 4 OH-ĺ N2 + 4 H2O + 4 e- 1.15 45
Ascorbic acid
                                                             ĺ
-0.058 46

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SI 4. 7(0 LPDJHV RI $J#6L2 SUHSDUHG ZLWK  0 $J12 6KDSH YDULDWLRQ 6FDOH EDU
QP


SI 5. 7(0 LPDJHV RI $J#6L2 SUHSDUHG ZLWK  0 $J12 DQG  ȝ/ K\GUD]LQH 6FDOH
EDUQP

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SI 6.89YLVVSHFWUDRI$J#6L2SUHSDUHGXVLQJ0$J12DQG0000
K\GUD]LQH7KHVSHFWUDZHUHQRUPDOL]HGXSWRDQDEVRUEDQFH 



SI 7. 7LPHUHVROYHG 89YLV VSHFWUD RI PHWK\OHQH EOXH PL[HG ZLWK D  P0 E  P0
FP0DQGGP01D%+VROXWLRQSUHSDUHGDVH[SODLQHGLQDetermination of catalytic 
properties ZLWK WKH RQO\ GLIIHUHQFH WKDW XOWUDSXUH ZDWHU ZDV XVHG LQVWHDG RI $J#6L2
VXVSHQVLRQ



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SI 8. 7LPHUHVROYHG89YLVVSHFWUDRIPHWK\OHQHEOXHDIWHUDGGLWLRQRI$J#6L26DPSOH
Figure 3 dVXVSHQVLRQVDWGLIIHUHQWFRQFHQWUDWLRQVRIVLOYHUDP0EP0F
P0 DQG UHGXFWLRQ E\ P01D%+ G $J#6L2 VXVSHQVLRQ DW RI VLOYHU P0 DQG
UHGXFWLRQE\P01D%+
5
ht
tp
://
do
c.
re
ro
.c
h
SI 9. ([SHULPHQWDO SURFHGXUH IRU SUHSDUDWLRQ RI $J#6L2 QDQRUDWWOHV ± YDULDWLRQ RI WKH
H[SHULPHQWDOFRQGLWLRQV

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1 700 700 0.01 CA 50 1 200 1 t n Almost no hollow structures of 
SiO2, tiny AgNPs
2 700 700 0.01 AA 50 1 200 1 sy n Hollow structure of SiO2 hardly 
visible, tiny AgNPs
3 700 700 0.01 SB 50 1 200 1 y n Mainly full SiO2, tiny AgNPs
4 700 700 0.01 H 50 1 200 1 dy n Nanorattle Ag@SiO2, small 
spherical AgNPs, incomplete 
loading
5 0 1400 0.1 H 50 20 200 2 bl 403
Nanorattle Ag@SiO2, AgNPs of 
various sizes6 0 1400 0.1 H 50 10 200 2 bl 404
7 0 1400 0.1 H 50 5 200 2 bl 408
8 0 1400 0.1 H 50 1 200 2 bl-br 422 Empty solid SiO2 of smaller size AgNPs much larger then SiO2,
tight coating
9 1400 0 0 - - - 200 2 t n Hollow SiO2
10 0 1400 0.01 H 50 20 200 2 o 403
Ag@SiO2 (Conc. of AgNO3Ĺ, size 
of AgNP and loading Ĺ)
11 0 1400 0.05 H 50 20 200 2 br 400
12 0 1400 0.1 H 50 20 200 2 bl 401
13 0 1400 0.2 H 50 20 200 2 bl 405
14 0 1400 0.3 H 50 20 200 2 bl 410 Ag@SiO2 – disappearing 
nanorattle pattern
15 0 1400 0.5 H 50 20 200 2 bl 410 Ag@SiO2 – no nanorattle pattern
16 0 1400 1 H 50 20 200 2 bl 404 No Ag@SiO2 pattern
17 0 1400 1 H 250 20 200 2 bl 422 Ag@SiO2 – no nanorattle pattern
18 0 1400 0.2 H 50 20 100 2 bl 409
Ag@SiO2 (Conc. of TEOSĹ, silica 
wall thickness Ĺ)
19 0 1400 0.2 H 50 20 200 2 bl 406
20 0 1400 0.2 H 50 20 300 2 bl 407
21 0 1400 0.2 H 50 20 400 2 bl 404
>6HTXHQFH@F\FORKH[DQH,JHSDO&2+2Ѝ7(26$376Ѝ$J12ЍUHGXFLQJ
DJHQWЍ1+2+>6HTXHQFH@F\FORKH[DQH,JHSDO&2Ѝ$J12ЍUHGXFLQJDJHQW
Ѝ7(26$376Ѝ1+2+>W@ WUDQVSDUHQWFRORUOHVV >\@\HOORZ>V\@VOLJKWO\\HOORZ>G\@
GDUN\HOORZ>R@RUDQJH >EU@EURZQ>EO@EODFN>Q@QRWPHDVXUHGRUQR$J13V >&$@FLWULF
DFLG>$$@DVFRUELFDFLG>6%@VRGLXPERURK\GUDWH>+@K\GUD]LQH

7(0LPDJHVRIWKHVDPSOHVDUHVKRZQLQSI 10-15ZKHUHDV89YLVVSHFWUDLQSI 16-20
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SI 10. 7(0LPDJHVRIVDPSOHVSUHSDUHGZLWK/RI+2ZLWK/0$J12
DQG  / RI D E FLWULF DFLG 6DPSOH  F G DVFRUELF DFLG 6DPSOH  H I VRGLXP
ERURK\GUDWH6DPSOHJKK\GUD]LQH6DPSOH6FDOHEDUQPDFHJDQGQP
EGIK

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SI 11. 7(0 LPDJHV RI VDPSOHV SUHSDUHG ZLWK  / RI  0 $J12 DQG  / RI
DE0 6DPSOH  F G  0 6DPSOH  H I  0 6DPSOH  J K  0 K\GUD]LQH
6DPSOH6FDOHEDUQPDFHJDQGQPEGIK


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SI 12. 7(0 LPDJHV RI VDPSOHV SUHSDUHG ZLWK  / RI D E +2 6DPSOH 
FG0$J12 6DPSOH  H I  0 $J12 6DPSOH  J K  0 $J12
6DPSOH6FDOHEDUQPDFHJDQGQPEGIK


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SI 13. 7(0 LPDJHV RI VDPSOHV SUHSDUHG ZLWK  / RI D E  0 6DPSOH 
FG06DPSOHHI06DPSOHJK0$J126DPSOH6FDOHEDU
QPDFHJDQGQPEGIK
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SI 14. 7(0 LPDJHV RI VDPSOH  SUHSDUHG ZLWK  / RI  0 $J12 DQG  / RI
K\GUD]LQH6FDOHEDUQPDDQGQPE
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SI 15. 7(0LPDJHVRIVDPSOHVSUHSDUHGZLWKDEȝ/6DPSOHFGȝ/6DPSOH
HIȝ/6DPSOHJKȝ/6DPSOHRI7(266FDOHEDUQPDFH
JDQGQPEGIK
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SI 16. 89YLVVSHFWUDRIVDPSOHVSUHSDUHGZLWK/RI0$J12DQG/RI0
6DPSOH06DPSOH06DPSOH0K\GUD]LQH6DPSOH7KHVSHFWUDZHUH
QRUPDOL]HGXSWRDQDEVRUEDQFH 












SI 17. 89YLVVSHFWUDRIVDPSOHVSUHSDUHGZLWK/RI+26DPSOH0$J12
6DPSOH   0 $J12 6DPSOH   0 $J12 6DPSOH  7KH VSHFWUD ZHUH
QRUPDOL]HGXSWRDQDEVRUEDQFH 


SI 18. 89YLVVSHFWUDRIVDPSOHVSUHSDUHGZLWK/RI0$J126DPSOH0
$J126DPSOH0$J126DPSOHDQG0$J126DPSOH7KHVSHFWUD
ZHUHQRUPDOL]HGXSWRDQDEVRUEDQFH 

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SI 19. 89YLV VSHFWUXP RI 6DPSOH  SUHSDUHG ZLWK  / RI  0 $J12 DQG
ȝ/K\GUD]LQH7KHVSHFWUXPZDVQRUPDOL]HGXSWRDQDEVRUEDQFH 

SI 20. 89YLVVSHFWUDRIVDPSOHVSUHSDUHGZLWK/6DPSOH/6DPSOH
/6DPSOHDQG/6DPSOHRI7(267KHVSHFWUDZHUHQRUPDOL]HGXSWRDQ
DEVRUEDQFH 
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SI 21. 7LPHUHVROYHG89YLV VSHFWUD RIPHWK\OHQH EOXHPL[HGZLWK $J#6L2 VXVSHQVLRQ
6DPSOHDWFRQFHQWUDWLRQRIVLOYHUDP0EP0FP0DQGGP0
SUHSDUHGDVH[SODLQHGLQDetermination of catalytic properties ZLWKWKHRQO\GLIIHUHQFHWKDW
XOWUDSXUHZDWHUZDVXVHGLQVWHDGRI1D%+VROXWLRQ
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SI 22. 7LPHUHVROYHG89YLV VSHFWUDRIP/RIPHWK\OHQHEOXHPL[HGZLWK Dȝ/RI
P01D%+DQGȝ/RIXOWUDSXUHZDWHUEȝ/RIP06L2VXVSHQVLRQ6DPSOH
Figure 3 aDQGȝ/RIXOWUDSXUHZDWHUQRZDLWLQJIRUVHGLPHQWDWLRQRISDUWLFOHVF
ȝ/ RI P0 6L2 VXVSHQVLRQ 6DPSOH Figure 3 a  DQG  ȝ/ RI P01D%+ QR
ZDLWLQJIRUVHGLPHQWDWLRQRISDUWLFOHVGȝ/RIP01D%+DQGȝ/RI$J#6L2
VXVSHQVLRQDIWHUZDLWLQJIRUVHGLPHQWDWLRQRISDUWLFOHV6DPSOHFigure 3 d
$VVKRZQLQbDQGcDGGLWLRQRIUHODWLYHO\FRQFHQWUDWHG6L2KROORZVSKHUHVVKLIWVRYHUDOO
VSHFWUXP RI PHWK\OHQH EOXH ZKLFK DGDSWV SDUWLDOO\ VKDSH RI 6L2 DORQH FRPSDUH SI 17,
sample 9 IRU89YLVVSHFWUXPRI6L2KROORZVSKHUHV,QDGGLWLRQGXULQJWKHPHDVXUHPHQW
DOOVSHFWUDDUHVKLIWHGGRZQZDUGVSUREDEO\GXHWRDJJORPHUDWLRQDQGVHGLPHQWDWLRQRI13V
,QWHUHVWLQJO\ D EDQG ZLWK PD[LPXP RI DEVRUEDQFH DW ȜPD[    QP LQ c GHFUHDVHV
VLJQLILFDQWO\FRPSDUHGWRb+RZHYHUDFKDUDFWHULVWLFEDQGRIR[LGL]HGIRUPRIPHWK\OHQH
EOXHDWȜPD[ QPZHOOYLVLEOHLQdGRHVQRWRFFXUQHLWKHULQbQRULQc

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SI 23. ;UD\GLIIUDFWRJUDPV;53'RID6L26DPSOHDQG$J#6L2SUHSDUHGZLWKE
 0 6DPSOH  F  0 6DPSOH  DQG G  0 6DPSOH  $J12 ,QVHWV
FRUUHVSRQGLQJ89YLVVSHFWUDQRUPDOL]HGWR)URPSI 17
1RWH WKDW 6L2 QDQRFRQWDLQHUV DUH DPRUSKRXV a $W ORZ FRQFHQWUDWLRQ RI $J13V WKHLU
SUHVHQFHFDQEHFRQILUPHGRQO\E\89YLVVSHFWUXP,Q;53'WKH\DUHLQYLVLEOHGXHWRODUJH
EDFNJURXQGRIVLOLFDb
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